Since chemotherapy started in 1940s, chemosensitivity testing has been both a very attractive field and one fraught with potential pitfalls. Many methods were developed and brought initial promises, yet later ending in disappointment and were eliminated. For example, in the 1970s clonogenic assay was generally believed to be the best testing method for predicting clinical outcome. However, technical problems including low evaluation rate limited its use. Currently, MTT, ATP, DISC and Kern's assay hold better promises. Since the 90s, the study of molecular biology has been progressing rapidly. It accelerated the understanding of molecular mechanisms of drug response. Numerous papers were published, but only few techniques can be applied in clinical practice. This review summarizes the controversies and current progress of chemosensitivity assays based on available online information, and makes a suggestion about their future routine practice.
Background
Chemotherapy is one of the main therapies for cancer patient, even useful for the patient at the end of life [1] . However, its severe toxicity and uncertain effects often led to failure. Chemotherapy is believed to provide benefit to only 30% -70% of patients. The chemosensitivity testing has been a longstanding object for several decades. Despite a great deal of efforts, real progress has been limited and their effectiveness is under constant debate.
Chemosensitivity advocates believe testing can help physicians choose the active drug and regimen for individual patient to enhance patient's response and avoid unnecessary toxicities.
For example, in a study of patients with non small cell lung cancer who received pre-surgical adjuvant chemotherapy, with the aid of assessing the chemosensitivity of the tumor, permits the early withdrawal of treatment if it fails (presently in 40% of patients) [2] . Numerous studies demonstrated the correlation between in vi-Y. Z. Su tro testing result and in vivo outcome [3] . Chemosensitivity testing is not only useful for tailoring therapy, but also useful for screening new therapeutic agents and regimen, hastening the introduction of new drugs and reducing cost [4] .
However, there exist some opposing opinions in this field: 1) Extreme heterogeneity of cellular, molecular and drug sensitivity in tumor. It causes the timing and spacing differences of response, such as between the patients with same pathological diagnosis, naive and relapse cancer, original and metastatic cancer [5] , different metastatic organs. For example, hepatic metastatic tumor is more resistant than lymph node metastatic tumor [6] , even cells from different site in the same tumor shown different sensitivity to drug [7] .
2) Microenvironment difference between in vivo and in vitro. The condition of in vivo is different from that in vitro cell culture, which is without immune environment and lack of normal cell such as macrophage, lymphocytes [8] . Similar to infection tests, even though in vitro condition is not the same as in vivo condition, the test result still can be as a good reference.
3) The retrospective trial and the prospective trial. Up to now most trials are retrospective. When the positive results accumulate to a certain level, they will be primed for prospective trial. At that time, actual use in clinical practice could be available in the near future.
4) Toxicity of drugs on tumor versus normal cells. As standard practice, the assay only tests the effect of drug on tumor cells, not including the effect on normal tissues. If the toxicity of a drug on normal cells is as strong as that on tumor cells, it would not be meaningful to choose it for the patient [9] ? The therapeutic index is usually measured when screening a new drug, whereas the toxicity of drug to individual patient is estimated by other tests.
5) Cost-efficiency. Currently, the assays cost range from $1000 to $4000, which is argued by some as cost prohibitive. However, chemotherapy and immunotherapy are far more expensive, while cost and effectiveness of both can be optimized with tailored treatment from the results of the chemosensitivity study. When this testing becomes routine, the economy of scale would lower the cost per test, improving the chance of its coverage by health insurance.
Progress of Chemosensitivity Testing
In interest of a clearer explanation, chemosensitivity testings are classified into three groups as below. Each has its strong points, and supplements each other. Histoculture drug response assays (HDRA) examine the overall effects of drugs for viability, proliferation, metabolism of tumor cells, also offer cells for molecular study. Molecular biologic study probes into the mechanisms of drug action, for example, the status of some biomarkers such as targeted molecule can precisely predict clinical outcome, but it often uses the result of HDRA as a criterion. In vivo testing is useful for clinical outcome follow up, but thus far its usage is limited to certain diseases and sometimes it is not sensitive enough.
In Vitro Histoculture Drug Response Assay (HDRA)
These methods use fresh samples from patients, after separation and purification, and prepared as cell suspension. The samples are exposed with drugs in microculture plates for 2 -4 days, then they are examined to determine the effects of drugs on tumor cells to predict the clinical outcome. Presently, MTT, ATP, DISC, Kern and clonogenic assay are more common methods.
Kern assay (an isotope-labeled precursors incorporation inhibition assay) [10] and clonogenic assay [11] detect the effects of drug on the proliferation cells.
ATP and MTT are widely used for the last 20 years. Both assays are simple, sensitive, robust, and adaptable techniques and used in hematological and solid tumors. Their results from many laboratories have shown to be accurate in predicting clinical outcomes, so they can be used for tailoring chemotherapy [12] [13]. Cree I.A. reported a prospective clinical trail in patients with ovarian cancer. Anticancer agents selected individually by ATP assay have been found to triple the response rate and nearly double the survival rate compared to empirical chosen regimens. The accurate rate of prediction sensitivity is 85% -90%, for resistance is 100%. ATP assay is considered as the best predictive testing method [14] . Sargent J.M. used MTT assay for patients with ovarian or AML for 12 years. They found the correlation rate between in vitro test and clinical outcome is 98% for AML, and 81% for ovarian cancer respectively [15] . Both ATP and MTT assay are also used for new drug screenings. Their disadvantage is that benign cells also show reactions. When the non-malignant cell population is over 20% of total cell population, it will interfere with the end results. In that situation, DISC assay is a better choice. DISC assay (differential staining cytotoxicity assay) can discriminate between malignant and contaminate nonmalignant cells, dead cells and living cells based on morphologic criteria. A numerous publications have demonstrated the clinical value of this assay [16] [17] . The major drawbacks are its very labor-intensive, requires skilled technicians to read slides using a microscope, and the results are subject to individual interpretations. Only when the manual processes of this assay can be automated with robotics and computerized data analysis, will it then be widely accepted and used by other laboratories. Besides, MTT, ATP and DISC assay predict the effect of cytotoxic agents while for cytostatic agents including most molecular therapeutic agents, they only can detect synergestic effect with other cytotoxic agent, and are not suitable for predicting the effect of single agent. Moreover, they detect short time effect on cell kill and metabolism, while for detecting the effect on proliferation in longer time, clonogenic assay still holds more promise.
There are some newer assays such as MICK microculture kinetic assay of apoptosis [18] and the ChemoFx assay [19] . There are few reports on them, therefore they are not discussed here.
Molecular Biological Thechniques
Since the 1990s, molecular biology has progresses at an incredible rate. A number of microarray-based techniques have been applicable to the study of chemosensitivity. Technigues such as SNP (single nucleotide polymorphism), SEP (serial gene profiling) gene and miRNA expression profiling, high/low density throughput sequencing, mutation analysis, ctDNA or DNA methylation, signaling pathway regulation analysis, siRNA, shRNA dsRNA screening by special quantitative PCR, chromosome imbalance study and analysis of protein by immunohistochemitry. Now large scale data can be analyzed by computational methods with high efficiency [20] . These new techniques accelerate the study of structure and function of protein, DNA, RNA in cancer cells, and are used in predicting drug response.
Molecular study of predicting chemosensitivity includes: 1) Molecular pathology Predicting drug response based on molecular pathological diagnosis. Thus far, studies have been focused on following tumors and reported similar results ( Table 1) . Molecular pathology can be extremely complicated, for example, sarcoma comprises more than 50 different types at the genetic, proteomic and epigenetic levels, each may have different chemosensitivities [38] . Furthermore, the results from different method or studies are hardly comparable, sometimes are conflict.
2) Pharmacogenomics Pharmacogenomics is the molecular basis for pharmacokinetics and pharmacodynamics. It may be used in predict the clinical outcome and prognosis in the near future [39] - [41] . a) Drug resistance is one of the major reason of chemotherapy failure, therefore, received the greatest attention. One important mechanism of MDR (multiple drug resistance) involves the multidrug transporter p-glycoprotein [42] . P-gp belongs to the ATP-binding cassette (ABC) family. A number of studies have demonstrated there are 7 groups (A-G) 49 types of ABC transporters. Some may cause drug resistance by pumping drugs out of cells and thus reducing their cytotoxicity [43] [44] . Molecular basis of individual drug resistance were demonstrated, for example, resistant to cisplatin is related to DNA damaged repair; resistance to microtubuline interactive drugs taxane is associated with tubuline mutation, while resistance to gemcitabine is related to chromosomal delections of 11p 15.5, and mutation of p53 may involve in the mechanism of resistance to cisplatin and 5 FU [45] . b) Drug metabolism. Kubata T. introduced an enzyme DPD (dihydropyrimidine dehydrogenase) assay to predict the sensitivity of gastric cancer specimen to 5-Fu. He reported that low activity of DPD and DPD mRNA is related to low sensitivity to 5 Fu [46] . Mitomycin C (MMC) requires metabolic activation by cellular reductase for activity. The enzyme NAD (P)H:Quino Oxidoreductase-1 (NQ01) can reduce MMC to damaging species. However, attempts to establish the relationship between tumor response to MMC and NQ01 expression have generated conflicting reports of good and poor correlations. This suggests that the mechanism of action of MMC is too complex to allow tumor response to be predicted on the basis of a single enzyme. Assays should be developed that reflect the overall biological and pharmacological processes. This is also a common challenge for the molecular biological methods [47] .
3) Others a) Proteins/various inhibitors, antigens and enzymes. Detection of a universal marker-ornithin decarboxylase (ODC), may predict chemosensitivity of cancer cells [48] . b) DNA/various genes. Aberrant methylation of circulating DNA is used as predictor of the chemosensitivity of non small lung cancer [15] . c) RNA/RNAi (miRNAs and siRNAs). Circulating microRNAs are potential new biomarker for prostate cancer detection [49] .
The molecular biologic testing faces two challenges: firstly, the mechanism of drug action is too complicated to predict tumor response by a single assay (see the MMC lesson above), secondly, molecular biomarkers (protein, DNA/gene, and RNA/RNAi) are always in dynamic mutation process and their interrelation is very complex. For example, there are cooperation and antagonism among cancer genes [50] . MicroRNAs (miRs) are involved in regulation of gene expressions in various signaling pathways, while miRs' activity is regulated by circular RNA [51] . They are just parts of regulation network.
Blood sample can be used to monitor circulating tumor cells (CTC), blood cells, and various molecular biomarkers such as ctDNA (circulating tumor DNA), RNA, mRNA, miRs, proteins. CTC can be used for molecular assays, cell culture and xenotransplantation assay [52] . Sato H. et al. used the NLR (neutrophil to lymphocyte ratio) to predict chemosensitivity of thoracic esophageal cancer [53] . Using peripheral blood sample is convenient, less invasive and repeatable. Furthermore, because CTC and circulating molecules released from tumors located at different site, using blood sample can exclude intrapatient heterogeneity. However, usually CTC are at low concentration and mixed with normal cells, thus requiring extremely sensitive and specific method.
In Vivo Predicting Response Method
Imaging analysis and flow cytometry for predicting drug response are very attractive due to being convenient, noninvasive and repeatable, especially for solid tumors. Weber WA reviewed the usage of PET (positron emission tomography) in study the pharmacokinetics of anticancer drugs and providing various markers to assess tumor response [54] . Herrmann K. et al. reviewed the methodology of PET/CT (computed tomography) for monitoring of cancer treatment [55] . Flow cytometric assay can be used as a chemosensitivity test for selecting effective anticancer drugs [56] and also for monitoring the expression of drug resistance markers [57] . Nude mice transplantation [58] and subrenal capsule assay [59] are rarely used in clinical practice, so not discussed here.
Future Direction
As science continues to progress, current chemosensitivity testing methods will continually be replaced by newer ones. Thus far, no methods are widely accepted by the medical society. A flawless method that can be used for all types of tumors and various drugs may never be found. However, a series of reliable methods for different type of tumor and different patient including naive or relapse can be established. These methods need to be sensitive, rapid, accurate, and repeatable. Other criteria include being reproducible, robust, simple and affordable. Because of the complexity of tumor cell and molecules, developing the chemosensitivity testing will require large research efforts and large available funding. It is not an endeavor that most laboratories can accomplish independently. This further emphasizes the need to improve collaboration and focus on productive clinical application.
Suggestion: 1) Set up a national organization for professionals with different background in oncology, pathology, cell biology, molecular biology, and bioinformatics. This organization will be in charge of rigorously examining the technique and experiences from different laboratories including universities and private entities, in order to design standardized methods periodically. For in vitro cell culture assay, the following details should be rigorously tracked regarding the specimen collection, tumor cell separation and purification, anticancer drugs preparation, concentration and exposure time, condition of cell culture, result analysis and score. This will require a sizable database, accumulating information from many laboratories. This comprehensive data can be studied to standardize methodologies and analyze results.
By collecting information on the molecular determinants (i.e., DNA, RNA or protein) gleaned from molecular biological study, we can build up a library, which will be useful for tailored chemotherapy.
2) Multi-institutional cooperation. Currently, independent laboratories perform in vitro histoculture testing and basic molecular biological analysis. Due to the prohibitive cost, newer or more complicated technologies are researched at institutional laboratories. Hospitals are mainly responsible for imaging analysis such as CT, PET tests, while bio-tech companies can offer custom-made chip or microarrays. These various entities will benefit greatly from improved cooperation with each other. Working together, the results can be clinically verified, bringing concrete progress to the field.
3) Personalized testing. Tailoring therapy for specific patient may require a combination of different methods. Personalized testing is selected by the following factors: patient's information: (age, sex, diagnosis, history of disease and treatment, liver and kidney function, and general health status), treatment plan and sample type. For example, for a patient with breast cancer, the expression of HER2/erb-B2 should be tested in order to decide whether or not use targeted therapy with transtuzumab [60] . If there are several drugs to choose, select an assay based upon the treatment plan. For example, if cDDP-based or TAXEL-based chemotherapy is selected, testing on DNA repair and the mutation of tubuline to assess the resistence to cDDP and TAXEL, then decide to use either cDDP-based or Texane-based therapy. Fresh specimen can be used for in vitro culture, flow cytometry study or biological analysis, while pathological slides are only used f or some biological analysis.
